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FOREWORD 
This report is based on research performed under Basic 
Memorandum of Agreement No. 12-17-01-273 between Economic 
Research Service, U.S. Department of Agriculture and the University 
of Nebraska. The work at Nebraska was contributory to Experiment 
Station Project 10-55, "Potential Changes in the Retail Structure of 
Farm Inputs Markets Associated with the Development of Farm Ser-
vice Centers." Detailed preliminary results are reported in a Ph.D. 
dissertation prepared by Dr. D. L. Helgeson under the supervision of 
Dr. D. G. Anderson (11). 
The project originated largely from the efforts of Dr. Richard G. 
Walsh, Colorado State University (formerly at University of 
Nebraska-Lincoln) and Dr. Paul E. Nelson, Jr., ERS, USDA. Dr. Nel-
son provided guidance throughout the study. Ors.James G. Kendrick, 
Thomas L. Thompson and Larry Bitney, University of Nebraska, 
offered valuable computer programming advice. Mr. Thomas L. 
Schmid performed much of the computational work. 
SUMMARY 
Changes in American agriculture and throughout the agri-business 
sector are occurring at a startling pace. Managers of retail agricultural 
marketing and supply firms are faced with a perplexing array of 
adjustments. One of the adjustments is reflected in the trend toward 
larger and more diversified retail outlets-an extreme being the "one-
stop shopping center" concept. These new integrated firms are in 
competition with older specialized establishments. Is this trend based 
on cost savings or on other considerations? Will the trend continue? 
Can existing firms compete effectively in their present specializ.ed 
form, or must they grow and diversify? Must they diversify as exten-
sively as the one-stop farm shopping center? 
This study revealed substantial cost savings could accrue to grain 
and farm supply businesses from plants oflarger size. Given sufficient 
competitive pressures, farmers and consumers might benefit as well 
from these savings. A continuation of the present trend toward larger, 
more diverse firms seems likely. Existing firms of sub-optimum size 
and product structures will probably remain in operation until they are 
depreciated out. Relatively modest savings from diversified structures 
make any rapid trend toward one-stop centers unlikely. 
Economic-engineering cost estimates were integrated into a linear 
programming model to evaluate cost structures of both single- and 
multiple-product farm supply and grain marketing firms. Four pro-
duct lines were included in the analysis: grain, custom-mix feed, bulk 
liquid petroleum and liquid fertilizer. Product lines were selected 
based on staggered temporal demand patterns, actual diversification 
trends, relative size of total sales and/or access to empirical cost evi-
dence. 
Special attention was directed to the nature of seasonal demand 
patterns for each product line in order to assess the potential for 
interdepartmental resource sharing by diversified firms. Products in-
cluded in the analysis tended to have a pattern of non-coincident 
demand peaks, providing opportunities for sharing common re-
sources. Interdepartmental sharing oflabor and capital resources was 
the major basis for cost savings from diversification. Special "pools" for 
labor and capital were programmed into the model, permitting trans-
fer of temporarily redundant resources to departments experiencing 
shortages. 
Economies of size and plant utilization were found in each of the 
four product lines. The magnitude of these economies varied directly 
with the relative importance of fixed costs and inversely with the 
relative importance of product delivery costs. Economies from diver-
sification were less impressive and varied widely by product line and 
plant size. 
Declining short-run average delivery costs for feed , petroleum and 
fertilizer reinforced the downturning average total cost curves. Aver-
age grain assembly costs increased in the short as well as the long run 
due to increased driving distance. Farm supply delivery costs increased 
with expanded plant size and accompanying increasing lengths of 
haul. 
Average total plant cost functions declined with increasing volume 
due to the effects of declining per-unit fixed costs. Economies of plant 
size occurred due to improved utilization of "lumpy" resources and 
more efficient technology. 
The "small" size A (annual receipts of 200,000 bushels) diversified 
grain plant (combined with "small" petroleum, feed, and fertilizer 
plants) had slightly higher costs (0.3 cent per bu) than did the same size 
single-product grain plant at 100 percent capacity. "Medium" and 
"large" diversified grain firms (sizes B and C) enjoyed small cost sav-
ings over identical-size single-product plants at all levels of plant utili-
zation. The size B (annual receipts of 600,000 bushels) multiple-
product firm had a cost advantage of 0.2 cent per bushel, the size C 
(annual receipts of 2 million bushels) less than 0.1 cent per bushel of 
grain at 100 percent capacity. 
High management costs and reduced opportunities for utilizing 
excess labor resources in the smaller multiple-product A firm blocked 
opportunities for reducing grain plant costs below the level for the 
small single-product grain plant. A high level of excess department 
manager labor made the A and B plants likely candidates for combina-
tion with other product lines large enough to absorb the excess labor. 
Short-run costs declined sharply with increased output for both 
small single- and multiple-product (size A) grain plants. Combined 
storage and merchandising costs of 30.6 cents per bushel were encoun-
tered by the single-product A plant and 33.2 cents per bushel for the 
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diversified plant at 50 percent capacity. The same plants had respective 
costs of 16.7 and 17.0 cents per bushel at full capacity. Multiple-
product B firm costs were 17.5 cents at 50 percent capacity, 9.7 cents 
per bushel at full capacity; respective costs for the single-product plant 
were 17.6 and 9.9 cents per bushel. Costs for size C single- and 
multiple-product plants were each about 10.6 cents at 50 percent 
capacity and 6.5 cents per bushel at 100 percent capacity. 
Larger diversified custom-mix feed mills had lower average total 
costs than did the specialized firms, while smaller operations were 
more efficient when specialized. The margin of advantage for the 
diversified firm narrowed from 36 cents per ton for plant A at 50 
percent of plant capacity (output 6,890 tons) to four cents per ton for 
size B at 100 percent capacity (output 23,140 tons) to a one cent 
advantage for specialization at 100 percent capacity for size C (34,580 
tons). 
Short- and long-run economies were evident in feed milling, but 
were not as pronounced as in grain marketing. Short-run costs for a 
single-product A mill ranged from $6.87 per ton at 50 percent of 
capacity to $4.20 for the same mill at full capacity. Size B plants had 
costs ranging from $5.38 to $3.52 per ton. AC plant had average costs 
of$4.70 per ton at 50 percent capacity, $3.01 at 100 percent capacity. 
Liquid petroleum bulk plants were also subject to important size 
and volume effects. Multiple-product C firms had slightly lower costs 
than did specialized firms at all levels of utilization. Single-product A 
firms (output: 500,000 gallons per year) had uniformly lower costs 
than did the diversified firms . A diversified A plant at 50 percent 
capacity had average costs of 8.35 cents per gallon compared with 7 .44 
cents per gallon for the single-product plant-a difference of 0. 9 cent. 
The differential was only 0.2 cent per gallon for the same plants 
operating at 100 percent capacity. The picture was mixed for the 
intermediate-size B firms, the multiple-product operations being more 
efficient at capacity output, the specialized firms holding a cost advan-
tage at lower levels of output. 
Only a large diversified liquid fertilizer firm operating at high 
levels of output had cost advantages over specialized plants. Multiple-
product liquid fertilizer operations had higher average costs than did 
specialized plants of equal size and output, except for the B plant at 100 
percent capacity (output: 5,500 tons) where multiple-product opera-
tions had a narrow cost advantage of eight cents per ton. 
While important economies of size and volume were found in every 
product line studied, economies from diversification were more mod-
est. Sharing of labor and capital resources did yield cost savings, but 
only if seasonal sales peaks for the various product lines occurred at 
different times and only if product line sales were large enough to 
result in a substantial transfer of temporarily redundant resources. 
Larger firms were in a better position to realize economies from diver-
sification of product lines than smaller ones. 
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Economies of Size, Volume, and 
Diversification in Retail Grain 
and Farm Supply Businesses 
Dale G. Anderson 
and 
Delmer L. Helgeson1 
INTRODUCTION 
Purchased farm inputs are a large and growing part of the Ameri-
can agricultural scene. Farmers frequently buy these inputs at the 
country elevator where their grain is marketed. The grain business, 
too, is becoming increasingly important as grain production and mar-
ketings continue to rise. This report explores the economic implica-
tions of alternative sizes, volumes and combinations of grain marketing 
and farm supply retailing activities. 
Importance of Grain and Inputs Marketing 
While the number of country elevators has declined steadily since 
1939, size, measured by total sales, has increased. Average sales for the 
United Sates were about$77,000 per country elevator in 1939; by 1963 
sales had increased to more than $661,000, a 764 percent increase. 
Country elevators in the North Central Region experienced a 755 
percent increase in average sales per elevator-from $78,000 in 1939 
to just over $669,000 in 1963 (26, 27, 28). 
Although total numbers declined from a high of892 in 1958 to 718 
in 1973, country elevators in Nebraska increased their grain storage 
capacity by 556 percent between 1948 and 1958 and by more than 60 
percent between 1958 and 1973. Average capacity per elevator in-
creased by 528 percent between 1948 and 1958, from 49,000 bushels to 
251,000 bushels, and by 98 percent from 1958,to 1973 from 251,000 
bushels to 498,000 bushels. 2 
1 Associate Professor of Agricultural Economics, University of Nebraska-Lincoln; 
and Associate Professor of Agricultural Economics, North Dakota State University, 
Fargo, respectively. Helgeson was Agricultural Economist, MED, ERS, USDA at the time 
research on which these results are based was conducted. 
2Calculated from data obtained from Nebraska Grain and Feed Dealers Association, 
Lincoln, Nebraska. (See I, p. 20). Census reports for 1967 do not distinguish between 
country, subterminal and terminal elevators, thus obscuring post-1963 trends in U.S. 
and North Central elevator numbers and size. 
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Grain yields per acre and total production in Nebraska have con-
tinued to rise in recent years. Output of the state's major field crops 
--corn, grain sorghum, wheat and soybeans increased by 60 percent 
between 1958 and 1972. More important from the standpoint of pres-
sures on the marketing system has been the increase in total grain sales. 
The number of bushels of the four major grains sold by Nebraska 
producers increased 19 percent during 1958-1970 (1, p. 19). 
Expenditures for prepared animal feeds in the United States more 
than doubled from 1954 to 1971, making feed nearly an $8 billion 
industry. In the North Central Region, feed expenditures increased by 
80 percent between 1954 and 1971. Nebraska expenditures went up 
159 percent over the same period (22, and 33, pp. 57-58). 
Total farm expenditures for petroleum products in the United 
States approached $1.8 billion in 1972, an increase of 36 percent from 
1950. The heavily agricultural economy of the North Central Region 
experienced a greater increase in petroleum expenditures (53 percent) 
between 1950 and 1969, while Nebraska, an agricultural state, had a 62 
percent increase for the latter time period (22, 25, 34, p. 6). 
Fertilizer expenditures in the United States increased 157 percent, 
from $975 million in 1950 to $2,504 million in 1971, while Nebraska 
farmers increased their expenditures almost 28 fold, from $3. 7 million 
to $103.5 million. From 1950 to 1971, fertilizer expenditures in the 
North Central Region increased by 321 percent, from $286. 7 million to 
$1,206.9 million (9, pp. 7, 69, 61 and 73). 
The Problem 
Significant improvements in technical efficiency can result from 
division of labor in specialized economic activities (l8, pp. 3-17). The 
long-term trend in virtually all sectors of the U.S. economy has been 
toward increased specialization. 
More recently however, there have been signs of a counter trend. 
Small family-operated butcher shops, bakeries, produce stores and 
neighborhood groceries have been pushed aside by giant supermar-
kets. Department stores have replaced a wide range of specialized 
retailing establishments. Large "discount" stores sell a great variety of 
consumer goods. Conglomerate merger activities among large U.S. 
industrial firms set new records during the l 960's. On the agricultural 
scene, proposed "service-center" farm supply retailing operations have 
generated much discussion in rural communities. Diversification of 
large industrial and financial firms into agricultural production has 
aroused even more controversy .3 
3Some of this activity might be tter be re garded as conglomeration. The terms "con-
glomerate" and "diversified" are not synonymous. Diversification is the broader of the 
two and refers to any product or market extension whereas conglomeration involves 
extension to completely unrelated products and markets. Cost savings from conglomera-
tion are thus ruled out by definition. 
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A recent study indicates Nebraska grain firms are becoming in-
creasingly diversified ( 1, pp. 18-21). Diversification was measured: 
1. By the number of product lines in which the firms were involved. 
2. By the proportion of the firms' total sales accounted for by 
products or services other than grain sales or storage charges. 
Nebraska grain elevators diversified their operations between 1958 
and 1965 in terms of each of these measures. The average ratio of 
non-grain sales to total firm sales for all survey firms increased from 23 
percent in 1958 to 29 percent in 1965, a 28 percent increase in degree 
of diversification. While the smaller firms tended to be more diver-
sified in 1958, diversification was almost uniform across all size ranges 
in 1965. The larger firms were more diversified in 1965 then they were 
in 1958. 
The average number of major farm supply and service activities 
increased 15 percent between 1958 and 1965 from almost 6 to nearly 7. 
By this measure, the larger firms tended to be somewhat more diver-
sified in each of the two years. Firms in each of the size ranges became 
increasingly diversified. 
Results of another survey indicate that livestock feed sales account 
for only 38 percent of total revenues received by Nebraska feed retail-
ing firms-further evidence of diversification (14, p. 6). 
While economists have long recognized the relationship between 
plant size and the potential for specialization, and thus for increased 
operational efficiency, little attention has been directed toward the cost 
implications of diversifed expansion of economic activities. 
A pioneering effort to establish a theoretical rationale for diver-
sified firm growth was made by Clemens more than 20 years ago (5). 
Clemens argued that penetration into new product markets by diver-
sified firms is an important form of competition. He maintained that 
product diversification and price discrimination are two forms of the 
same tactic, both yielding increased competition and improved 
economic performance. If a firm's resources are sufficiently mobile, 
and if the firm can produce a variety of products from these resources, 
then diversification may be preferable to expansion of existing product 
lines. If, in addition, the firm has an excess of overall productive 
capacity, entry into new product markets may be accomplished without 
penalty of sharply rising costs. Price reductions prerequisite to expand-
ing existing product sales might be much less desirable than entry into 
new product markets where the gap between demand and marginal 
costs is wider. Empirical verifications of the Clemens hypothesis are 
notably lacking, however. 
The basic question of cost effects of diversification remains unan-
swered. The present study attempts to resolve the issue. The 
hypothesis centers on the Clemens thesis that underutilized resources 
may yield greater net returns when employed in a variety of enter-
prises. Study results provide guidelines for firm operation and growth. 
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Cost savings from more efficient utilization of farm supply and market-
ing resources will be of immediate benefit to industry firms. If lower 
costs are reflected in farm supply and product prices, farmers and 
consumers may be ultimate beneficiaries. 
The study focuses on Nebraska retail farm supply and grain mar-
keting firms. Certain distribution ch annels can be shared, resulting in 
increased utilization of fixed resources. Moreover, where higher 
transportation costs associated with serving more distant customers are 
absorbed by the firm, marginal costs of delivery (or assembly) may rise 
more sharply with expanded output of existing products than with 
penetration into new and less distant markets.4 
The more important resources having a high degree of mobility 
among most grain marketing and farm supply sales firms include 
management, labor, working capital, clerical personnel, office space, 
office supplies and storage facilities. Farm supply sales and grain 
marketings tend to be seasonal, with peak sales occurring in staggered 
fashion (Figure 1). Combinations of product lines having non-
coincident sales peaks offer the most attractive resource-sharing o p-
portunities. 
Objectives 
This study compares unit costs of single-product retail grain mar-
keting, liquid petroleum products, custom-mix feed milling, and liquid 
fertilizer plants with cos ts for comparable sizes and volumes of 
multiple-product counterpart plants. 
Specifically, measurements and comparisons are made of: 
1. Average unit plant costs. 
2. Average unit delivery or assembly costs. 
3. Average total unit costs. 
The effect upon these unit costs of the following variables are 
analyzed: 
1. Plant size. 
2. Short-run plant volume. 
3. Diversity of firm operations. 
Clemens (5) suggested that profits may be greater from diversified 
expansion of firm activities due to exploitation of differences in de-
mand elasticities for different products. The present research tests a 
related hypothesis tha t there are cost savings from diversified expan-
sion of volume using existing plant resources and from diversified 
enlargement of firm size.5 Product and resource prices are assumed to 
be constant. 
4 T here may be threshold costs associated with entering most new markets; these may 
be minimal, however, where man y resources can be used in terchan geably. 
5 A d etailed description o f the study and its preliminary results a re found in (I I). 
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ANALYTICAL PROCEDURES 
Economic-Engineering Approach 
Cost results reported here are derived primarily from economic-
engineering sources. Development of cost data from economic-
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Figure 1. Monthly marketing patterns for grain, feed, petroleum, and liquid fer-
tilizer, Nebraska, five-year weighted average, 1964-68. 
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engineering evidence involves the synthesis of plant and transporta-
tion costs for hypothetical rather than actual operations. 6 Costs for 
various plant sizes and levels of output are derived from production 
functions which, in turn, are based on engineering estimates of factor 
productivity. Time-and-motion studies of actual plant operations pro-
vide the basis for measurement of variable-factor efficiency. Factor 
prices are applied to the physical coefficients. Plants of various sizes 
and types are "constructed" and "operated" at various levels of utiliza-
tion and demand or production density situations. Variables other 
than those under analysis are standardized. Great flexibility in applica-
tion to a wide range of variables is the primary advantage of this 
approach. 
Data Requirements and Sources 
Investments in durable assets for both single- and multiple-product 
model firms were developed from single-product economic-
engineering studies and from primary industry sources. Investment in 
durable assets represented the basis for computation of most fixed cost 
items. Such assets included: land, buildings, storage facilities, plant 
machinery and equipment, delivery equipment, office buildings and 
office furnishings. Appendix A contains a detailed account of total 
investment in durable assets for each of the model plants. 
Plants of varying capacities were structured for each department: 
three sizes for grain, custom-mix feed and bulk petroleum; two for 
liquid fertilizer (Table 1). 
All model plants existed under the same economic environment 
and faced the same input supply schedule; uniform construction 
among plant sizes resulted in standardization of cost coefficients for 
depreciation, insurance for buildings and equipment, interest on in-
vestment and property taxes for all single- and multiple-product 
model plants. Cost differences associated with location, age, technol-
ogy and other variables were therefore eliminated; differences in 
synthesized investment costs resulted solely from size, volume or diver-
sity factors. 
The study was focused on four departments, each of which was 
responsible for a single broad class of products. No attempt was made 
to develop cost functions for specific products within the departments. 
Intra-departmental product differentiation was treated as a fixed-
proportions problem; composite cost functions were synthesized for 
product packages. A single gross margin coefficient was developed for 
each major product line by weighting each subproduct margin in 
proportion to its contribution to department sales. Basic products 
6 Detailed theoretical and methodological guidelines to the economic-engineering 
approach were first outlined by French, Sammet and Bressler (6) . Their study, based on 
California pear-packing operations, remains the most definitive of its kind. 
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Table I. Effective annual capacity of model plants by plant size category and 
product line
Product 
Grainb 
J 
Size caLegory Feed Petroleum 
(bu) (ton s) (ga l) 
A 200,000 13,780 500,000 
B 600,000 23,140 1,000,000 
C 2,000,000 34,580 2,000,000 
Givenseasonal demand limitations and "normal' ' daily and weekly hours of operation. 
Total annu a l bushe ls handled (turnover rate = 2 x total storage ca pacity). 
Fertilizer 
(ton s) 
2,776 
5,550 
5,550c 
Fertilizer plant size B combined with size C grain , feed and petroleum plants in diversified operations. 
included within each major product line and their weighted gross 
margin coefficients appear in Appendix D. 
All costs were classified as either fixed or variable. The major items 
in each category are: 
Fixed Costs 
1. Salaries 
a. General manager 
b. Department manager 
c. Secretaries 
2. Depreciation 
3. Taxes 
4. Interest on investment 
5. License fees 
6. Maintenance 
7. Fixed insurance 
8. Rent 
9. Audit 
10. Bond 
11 . Administrative 
a. Telephone and telegraph 
b. Office supplies 
c. Light, heat and water 
d. Travel 
e. Plant supplies 
Variable costs 
1. Labor 
2. Truck operating costs 
3. Inventory losses 
4. Property tax on working capital 
5. Electricity (plant) 
6. Variable insurance 
7. Repairs and replacements 
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8. Interest on working capital 
Annual fixed cost calculation procedures and results are outlined 
in Appendix B. Variable cost coefficients and procedures used in their 
computation are found in Appendix C. 
Much of the background data for the study came from previous 
economic analyses (2, 8, 10, 13, 15). Each of these was a single-product 
study, however, and did not consider the cost effects of diversification. 
Results were modified for the present study and supplemented where 
necessary with primary data. 
Plant Costs 
The first step in cost synthesis is specification of the hypothetical 
plants to be analyzed. Fixed plant buildings and equipment are 
itemized, their costs are amortized over time and allocated in some 
fashion to specific units of output. Coefficients of resource efficiency 
are estimated based on observed plant operations. Prices are applied to 
variable resources according to prevailing or prospective market or 
industry rates. 
Resulting cost items are combined into budgets for each plant, and 
the results compared across varying plant sizes and levels of volume. 
Appropriate allowances are made for institutional or practical restric-
tions on plant operating hours or rates of output per hour. For exam-
ple, account is taken of probability of equipment breakdowns, prob-
lems in meshing production with demand where storage is impossible 
or infeasible and prevailing attitudes toward overtime or extra-shift 
work. Thus, plant capacity as well as instantaneous rates of output may 
be some fraction of theoretical maximum levels. 
Assembly/Delivery Costs 
While economies of size and volume will probably occur in most 
plant operations, average costs of product assembly or delivery 7 are 
likely to increase with output. 
The effect of plant volume on assembly or delivery costs has been 
measured by numerous researchers (4, 7, 12, 16). Assumptions com-
mon to these studies and to present analysis include: 
1. Expansion of sales volume is achieved by increasing size of 
market territory. 
2. Uniform density of product and producers across market ter-
ritory. 
3. Uniform variable transportation costs per mile. 
4 . Pure competition on the buying side of the market (pure com-
7Product assembly and delivery present essentially the same cost-finding problems. 
Whether the truck is loaded when it leaves the plant or on its return haul is of little 
consequence for cost analysis. Hereafter, the term "delivery costs can be regarded as the 
equivalent of "assembly costs." 
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petition on the selling side in the case of assembly cost measurement). 
If the product is assembled from or delivered within a circular 
market territory, volume is a function of distance r from the plant. 
(1) V = 
where 
V = total plant volume 
D = density of product per square mile 
=3.1416 
Therefore, 
(2) r = 
Average variable delivery costs can be divided into two major com-
ponents: 
1. Costs of traveling from one customer to another on the route, 
including loading of the truck as well as unloading it at the destination. 
2. Cost of traveling to the first customer on the route and back 
again to the plant from the last customer. 
Since the first component is constant with volume, marginal costs of 
delivery vary only with the second, that is, with r. 
(3) cm =Cr=C I V/1rD 
where 
Cm=marginal delivery costs 
C =costs per cwt-mile (per bu-mile, per ton-mile, etc.) of travel-
ing to the first customer and back to the plant from the last 
Total variable cost of delivery is given by the integral 
(4) fcV½(1rD)-½DV = 2/3C(1rDf½V 3t2 
An additional constant term must be added to account for costs which 
do not vary with volume. 
Assuming air distance is equivalent to ground distance, the average 
length of haul, A, for a given volume and production density is given 
by: 
(5) A = 2/31 V/1rD 
Assuming a rectangular grid road system (typical of much of cen-
tral and eastern Nebraska) average length of haul, under given volume 
and density conditions, is given by: 
(6) 8r/31r = . SV½ .4789V½ (7, p. 773) 
31r3120½ o½ 
The number of transport equipment units required to deliver. 'a 
given volume of product is a function of delivery time requirements 
relative to available working hours (7, p . 773). Thus, N, the smallest 
whole number of units of transport needed, is such that 
13 
(7) N>T/H = V(g0 + g 1A) 
H 
where 
T = total delivery time required 
H = working hours available for delivery 
g0 = an allowance for average time loss due to imperfect 
coordination of plant and delivery functions 
g1 = variable time required per unit of volume per mile 
Time requirements for varying volume and density conditions can 
readily be determined when the time needed to perform each opera-
tion is known. Total time required to deliver a given volume of product 
can be expressed as 
(8) T = T1 + T2 + T3 
where 
T 1 = total time required to drive from the plant to the first cus-
tomer and back again from the last customer. 
T 2 = total time required to load and unload the truck 
T3 = total driving time between farms where route delivery is 
involved 
(9) T1 = 4/3k I WrrD (V/vt)/t 1 
(10) T2 ={F 1 + (Fd) (v/d) + vt (P1 + Pd)} (V/vt) 
(11) T3={(v/d -1) Ab+ (vt/d) Ai} (V/vt) ti 
where 
k =correction factor for converting air to road distance 8 
t 1 =average travel speed from the plant to the first customer 
and back again from the last customer 
t 2 =average travel speed between customers 
F1 =average fixed loading time 
Fd =average fixed unloading time 
P1 =average variable loading time 
Pd =average variable unloading time 
v t =truck volume 
d =average size of delivery 
8If the plant is located at a road intersection, the correction factor for converting air 
distance (and associated delivery time) to road distance (and road time) for a rectangular 
grid road system is l < K V2. Average correction factor is approximated by the constant 
1.207. 
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Ad =average length of customers' driveways 
¾ =average distance between customers 
Given a rectangular grid road system, average distance between route 
customers is given by: 
(12) Ab= I 11D = D -½ 
where 
D = the density of customers or delivery points (12, p. 3) 
Variable delivery costs are a function of both time and distance. 
Variable labor and truck operating cost coefficients associated with 
each product line were calculated for each plant. Variable costs in-
crease with output since inceased time and distance are associated with 
an enlarged trade territory. Since model plants have exclusive market-
ing territories, an increase in volume necessitates an expansion of the 
market area. 
The Linear Programming Model 
Linear programming was used to facilitate the budgeting required 
to establish least-cost combinations of plant and delivery resources. 
Since no single physical unit of measure was common to the various 
products handled by the model firms, overall cost minimization was 
achieved indirectly by applying resource prices to the input-output 
coefficients used in evaluating a profit-maximizing objective funtion. 
LP was used primarily as a vehicle for orderly accounting of labor 
exchange among departments of the firm, to account for interdepart-
mental sharing of seasonal working capital requirements and to permit 
the superimposition of a range of plant volumes upon a pre-
established pattern of product demand. 
Plants of three sizes for each of four product lines were combined 
into multiple-product firms. Resulting average costs were compared 
with costs of single-product operations. Restrictions on volume for 
each plant were based on technical and institutional limits to capacity. 
No limitation was imposed on the hours of seasonal labor available for 
hire nor on amount of seasonal capital model firms could borrow. 
There was no limit on available land or managerial talent. 
Restrictions on availability of these latter resources are difficult to 
establish on a realistic basis. The firms analyzed were not large enough 
to face an upsloping marginal factor cost curve for labor. It was as-
sumed that the model firms had a line of credit sufficient to permit 
debt financing of size alternatives evaluated in the analysis. Larger 
firms had higher levels of management (paid higher salaries) than did 
smaller ones. Managerial expertise was assumed constant with short-
run volume for any given plant. 
Seasonal requirements for shared inputs were developed from 
time-and-motion studies and engineering data and programmed into 
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the model on a monthly basis. Four major resources were used jointly: 
management (including departmental managers), labor, working capi-
tal and administrative costs (office facilities, supplies and clerical 
labor) . 
The general manager, four departmental managers and sec-
retaries were salaried employees hired on a yearly basis. All other labor 
was hired as needed in one-month increments, and represented a 
semi-variable cost to the firm. 
Hours devoted to the operation by the general manager, depart-
ment managers and secretaries were not specified and may have re-
quired overtime during periods of peak seasonal demand. No over-
time pay was budgeted, however, to salaried personnel. The four 
department heads performed both managerial and labor duties; 153 
hours per month were available to meet general labor requirements of 
the department and firm. 9 
Labor Pool. A "labor pool" was established into which seasonally 
redundant labor and departmental management time was transferred. 
Each department had access to the pool from which it was required to 
draw before additional outside labor could be hired. A department 
using excess labor contributed by another department was charged the 
hourly labor rate whether actual services were rendered by labor or by 
the manager from the contributing department. The department pro-
viding the labor received a credit at the hourly labor rate. Cost of labor 
not fully utilized (indicated by a residual in the pool) was allocated 
among contributing departments in proportion to their relative con-
tributions. 
Working Capital Pool. A permanent working capital position 
based on departmental requirements was built into the model for each 
firm. A pool, analogous to that for labor, was established to meet these 
requirements. Departments could transfer excess capital to the pool 
and draw from the pool in time of need. Short-term capital was bor-
rowed from external sources only when idle funds from other depart-
ments were exhausted. Capital withdrawals were charged to the using 
department at 7.5 percent, the short-term interest rate at which the 
firm could secure funds from external sources. Departments provid-
ing short-term pool funds received a credit against the fixed interest 
charges arising from the permanent working capital reserve. Costs of 
unused capital resources were allocated among contributing depart-
ments in proportion to their transfers to the pool. 
Seasonal Demand Constraint A seasonal demand constraint for 
each product was programmed into the model toforce model plant
9 An eight-hour day, 40-hour work week was assumed. While working hours are 
generally somewhat longer in rural areas, especially during peak seasonal periods the 
standard industrial work week seems likely to be a coming feature in farm supply 
retailing. Institutional barriers limit the potential for employment of multiple shifts. 
16 
sales to conform to pre-established demand patterns. The monthly 
demand limitations imposed on feed, fertilizer, and petroleum were 
based on actual seasonal demand patterns experienced by a sample of 
19 multiple-product firms scattered across the state. 10 Grain purchas-
ing and merchandising patterns were estimated from a five-year 
( 1964-68 weighted average of monthly marketings of major Nebraska 
grams. 
A given month's activity level was a fixed proportion of the sales 
level of the previous month in which sales were registered. A cycling 
format was used wherein an increase in any month's activity level 
caused a proportional change in that for the other months based on 
pre-established seasonal marketing patterns. The monthly demand 
rows for months having positive sales had greater-than or equal-to 
restrictions. Therefore, any month's activity programmed into the 
sales row of the following month caused the activity for the following 
month to be proportional to that of the previous sales month. 
COST RESULTS 
Results of the analysis have been separated into three major com-
ponents: 
1. In-plant costs. 
2. Distribution (delivery or assembly) costs. 
3. Total costs (Table 2). 
Plant costs included all fixed and variable outlays associated with 
product storage and handling at the plant site plus non-allocable over-
head costs such as management and secretarial salaries, office ex-
penses, utilities and other outlays which would be incurred with or 
without provision of delivery service. 
Short-run average plant costs declined with increasing volume due 
to more intensive utilization of fixed resources. Long-run average costs 
of plant ownership and operation generally declined at a decreasing 
rate with increasing plant size due to employment of larger scale and 
more efficient technology and to improved meshing of "lumpy" fixed 
inputs-. 
Distribution costs included both fixed and variable elements as-
sociated directly with the delivery or assembly function. Distribution 
costs were in effect the marginal costs of delivery/assembly service. 
Increases in both short-run volume and plant size were accompanied 
by appropriate adjustments in geographic market size. 
Average delivery costs declined with short-run increases in plant 
volume because fixed costs of rolling stock were spread over more units 
Sample data were obtained from the Omaha Bank for Cooperatives, Omaha, 
Nebraska, 1968-69. 
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Table 2. Average plant, delivery and total costs at varying levels of plant utilization, 
single- and multiple-product model grain, feed, petroleum and fertilizer 
plants Nebraska, 1971. 
Average Average Average 
Plant size and Annual elant costs delivery tota l costs 
eercent utilization outeut Single Multi costs Single Multi 
(bu) (q/bu) (ulbu) (ulbu) 
Grain - Size A 
100 200,000 15.74 16.04 0.92 16.66 16.96 
75 150,000 20.35 21.39 0.82 21.l 7 22 .21 
50 100,000 29.93 32.51 0.71 30.64 33.22 
Grain - Size B 
100 600,000 8.48 8.27 l.45 9.93 9.72 
75 450,000 l l.l 7 10.79 l.28 12.45 12.07 
50 300,000 16.55 16.40 l.08 l 7.63 17.48 
Grain - Size C 
100 2,000,000 3.98 3.94 2.48 6.46 6.42 
75 1,500,000 5.7 1 5.56 2.18 7.89 7.74 
50 1,000,000 8.76 8.74 l.81 10.57 10.55 
(tons) ($/ton) ($/ton) ($/ton) 
Feed- Size A 
100 13,780 3.65 3.54 0.55 4 .20 4.09 
75 10,335 4 .27 4 .24 0.58 4 .85 4 .82 
50 6,890 6.19 5.83 0.68 6.87 6.51 
Feed- Size B 
100 23,140 2.93 2.89 0.59 3.52 3.48 
75 l 7,355 3.45 3.37 0.64 4.09 4.01 
50 l l ,570 4 .64 4.46 0.74 5.38 5.20 
Feed- Size C 
100 34,580 2.39 2.40 0.62 3.01 3.02 
75 25,935 2.86 2.80 0.66 3.52 3.46 
50 l 7,290 3.94 3.82 0.76 4.70 4 .58 
of output. Since increases in plant size were associated with sharply 
expanded trade territories, average costs usually increased along with 
increasing average travel distance. Only where increased plant size 
facilitated the adoption of greatly improved technology, e.g., larger 
petroleum delivery trucks , did long-run average delivery costs decline 
with output. 
The costs of delivery or assembly were not affected by product line 
diversity since major factor sharing occurs within the sphere of plant 
operations; costs of underutilized factors (management, labor, capital) 
were allocated to plant overhead. 
Total costs, the summation of plant and delivery/assembly costs, 
represent the total costs of retail supply marketing to the farmer's gate 
or grain assembly from farm through country elevator. Since plant 
costs, as defined above, greatly exceed delivery or assembly costs in 
most cases, average total cost curves take their shape largely from their 
plant cost component. 
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Table 2. (continued) 
Average Average Average 
Plant size and Annual Qlant costs delivery to ta l cos ts 
e ercent utiliza tion ouq~ut Single Multi costs Singl e Multi 
Petroleum - Size A (gal) (t/gal) (t/gal) (t/gal) 
100 500,000 3.00 3.18 1.04 4.04 4.22 
75 375,000 3.97 4.38 1.18 5.15 5.56 
50 250,000 5.99 6.90 1.45 7.44 8.35 
Petroleum - Size B 
100 1,000,000 2.25 2.04 0.84 3.09 2.88 
75 750,000 2.84 2.58 0.89 3.73 3.47 
50 500,000 3.80 3.95 1.03 4.8 3 4.98 
Petroleum - Size C 
100 2,000,000 1.47 1.44 0.92 2.39 2.36 
75 1,500,000 1.77 1.75 0.99 2.76 2.74 
50 1,000,000 2.54 2.43 1.15 3.69 3.58 
(tons) ($/ton) ($/ton) ($/ton) 
Fertilizer - Size A 
100 2,776 7.18 7.34 2.34 9.52 9.68 
75 2,082 9.33 9.90 2.65 11.98 12.55 
50 1,338 13.26 14.82 3 .39 16.65 18.21 
Fertilizer - Size B 
100 5,550 5.12 5.04 2.73 7.85 7.77 
75 4 ,162 6.27 6.29 3 .01 9 .28 9.30 
50 2,776 8.81 9.62 3.69 12.50 13.31 
Fertilizer - Size B/C 
100 5,550 5.12 5.26 2.73 7.85 7.99 
75 4 ,162 6.27 6.58 3.01 9.28 9 .59 
50 2 776 8.81 9.40 3.69 12.50 13 .09 
Grain 
Since this study was centered on retail firms, elevator costs of 
storing and merchandising grain received major attention. Assembly 
costs obtained from a secondary source (8, Chap. 5) were included for 
comparative purposes even though grain assembly services are seldom 
provided by country elevators. Since both processing and transporta-
tion costs must be borne by some element of society and since cost-
volume relationships for each of the two functions were of a somewhat 
different character, it is useful to consider each of these two costs. 
Plant costs were much greater than costs of assembly, except for 
very large scale elevators. The long-run average cost curve was not 
greatly affected by its transportation component. 
Assembly Costs 
Average total costs of grain assembly to country elevators included 
the fixed costs of farm truck ownersh_ip allocable to grain hauling as 
well as variable operating expenses including labor. These costs tended 
to be a direct function of plant volume and varied from 0.7 cent per 
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bushel for a size A elevator receiving 100,000 bushels per year to 2.5 
cents per bushel for a size C facility handling 2 million bushels annually 
(Figure 2). 
Average total assembly costs increased with volume in both the 
short- and long-run. Costs increased in the long-run due to increased 
average driving distance associated with larger elevator size and conse-
quent larger assembly territories. Increasing short-run cost functions 
occurred for two reasons: 
1. Average fixed costs declined only slightly with increased volume 
since farm trucks have multiple uses, with grain transport accounting 
for only a fraction of total miles in any case. 
2. The average length of trip to the elevator was ass urned to be a 
function of average elevator volume. 
Average short-run costs would probably decrease with volume if 
fixed costs of truck ownership were allocated entirely to grain assem-
bly. Variable costs would not increase fast enough, over the range of 
volume considered, to overcome the effect of sharply declining aver-
age fixed costs. 
Plant Costs 
Average plant operating costs included a long-term storage as well 
as a merchandising component. Each elevator used 55 percent of its 
total bin space for long-term storage (up to one year); the remainder 
was working space for merchandising operations. 
Economies of size and plant utilization were important in grain-
handling operations. Average plant cost curves in Figure 2 illustrate 
economies that result from more complete utilization of multiple-
product grain plants. Most firms find it difficult to operate without 
some excess capacity. Grain elevators usually have pronounced sea-
sonal marketing peaks and suffer from chronic excess capacity in off
seasons. 
Short-run plant costs declined abruptly for the smallest grain oper-
ation, plant A. Costs of 32.5 cents per bushel were encountered by a 
multiple-product grain plant operating at 50 percent of capacity. The 
same plant had costs of 16.0 cents per bushel, 51 percent less, when 
operated at full capacity. 
The larger capacity grain plants (sizes B and Chad considerably 
lower average costs than did plant A, given either the single- or 
multiple-product plants. Under-utilization of the larger plants did not 
result in as rapid a depletion of plant economies as was true for the1 
small size A plants. 
Economies of size were also important. Increases in the size of grain 
operations were accompanied by decreasing costs throughout the 
range of plant sizes considered. Decreases in average plant costs be-
came much less pronounced as volume exceeded 600,000 bushels 
annually. 
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Figure 2. Average assembly, average plant and average total costs, by plant size, 
multiple-product grain firms, Nebraska, 1971. 
Total Costs 
Multi pie-product grain plan ts had a slight cost ad vantage over their 
single-product counterparts for plant sizes B and C, with average total 
costs for single- and multiple-product size C virtually identical at full 
capacity (Table 2). The short-run cost curves in Figure 3 illustrate the 
effects of diversification. Although these are average total cost curves, 
the cost differences due to diversity stem entirely from differences in 
p lant costs. High management costs and fewer opportunities for utiliz-
ing excess department manager labor p laced a particularly severe 
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burden on small diversified firms operating at levels below full plant 
capacity. Small specialized grain plants were therefore slightly more 
efficient than small diversified grain operations. Even at full capacity, 
multiple-product plant A was forced to absorb some 39 percent of its 
departmental manager's slack time. The absorption of redundant 
plant manager time dropped sharply to less than 1 percent for plant B 
at 100 percent capacity. Managerial time was fully utilized in plant Cat 
100 percent capacity. 
Capital sharing by the larger plants at low levels of plant utilization 
was also a seasonal problem. The B and C grain firms had large 
seasonal capital requirements which the other departments of the 
multiple-product firms were unable to utilize fully. The very narrow 
cost advantage of the diversified C firm over its specialized counterpart 
grain firm (Figure 3) reflects in part the problem of underutilized 
capital resources. About 89 percent of the capital slack to the size C 
diversified firm at 50 percent of capacity output was absorbed by the 
firm. 
Custom-Mix Feed Milling 
Delivery as well as milling costs were included in the feed cost 
results. Resource requirements were based on delivery of75 percent of 
the output by company-owned trucks . Remaining feed was sold F.O.B. 
plant. Average costs reflect delivery in 7-ton specialized bulk trucks. 
Average plant costs per ton were much greater than delivery costs 
except for very large plants operated near capacity output. Shape of 
the long-run average total cost curve was affected only minimally by 
nearly constant long-run delivery costs. 
Delivery Costs 
Average total costs of bulk feed delivery declined in the short-run 
with increased plant output since the fixed costs of truck ownership 
were allocated to greater volume. For example, average total delivery 
costs for a B plant were 59 cents per ton at capacity output, 68 cents per 
ton at 50 percent of capacity (Figure 4). Although size of trade territory 
varied directly with volume, average fixed costs declined sufficiently 
with expanded volume to yield decreasing short-run average delivery 
costs. 
In the long-run, increases in plant size were accompanied by an 
expansion of trade territory, with resulting increased driving distance 
and increasing average delivery costs. An A plant operated at capacity 
volume had average delivery costs of 55 cents per ton while delivery 
from a fully-utilized C plant cost 62 cents. 
Plant Costs 
While both short- and long-run economies were evident in feed 
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milling, neither were as pronounced as in the grain business (Figure 4). 
Short-run plant costs for a multiple-product size A mill ranged from 
$5.83 per ton at 50 percent of capacity down to $3.54 for the same mill 
at full capacity. Size B plants had costs ranging from $4.46 to $2.89 per 
ton. A size C plant had average costs of $3.82 per ton at 50 percent 
capacity, $2.40 at 100 percent capacity. . 
The overlapping curves in Figure 4 indicate that larger feed mills 
were more efficient but only if operated at high levels of output. For 
example, a multiple-product C plant operated at 50 percent of capacity 
had average plant costs 93 cents per ton higher than a B 
multiple-product plant at 100 percent of capacity and 28 cents higher 
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Figure 4. Average delivery, average plant and average total costs, by plant size
multiple-product feed firms, Nebraska, 1971. 
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than a fully utilized multiple-product A plant. The same C plant at 
capacity output had average plant costs 49 cents lower than those of 
capacity-operated B plants, $1 .14 per ton lower than fully-utilized A 
plants. 
Total Costs 
Diversified feed firms had slightly lower average total costs than 
corresponding single-product operations for nearly all sizes and levels 
of output (Figure 5). The advantage for the diversified firm narrowed 
from 36 cents per ton for plant A at 50 percent of plant capacity to four 
cents per ton for size Bat 100 percent capacity to a one-cent advantage 
for specialization for the fully utilized C plant. Relative stability in 
seasonal demand for feed reduced the resource-sharing potential 
from diversification. This enabled the single-product feed firm to 
attain cost levels almost identical to those of the multiple-product 
plants at full capacity for all three plant sizes. 
Un utilized seasonal labor became a critical factor for plant B which 
accumulated 665 unused hours of this resource at 100 percent capac-
ity. Unutilized labor diminished , for plant C, to 481 hours at 100 
percent capacity, but exceeded the total number ofunutilized seasonal 
labor hours for plant Bat 75 and 50 percent capacity. The redundant 
seasonal labor pattern fluctuated irregularly as a result of imperfect 
meshing of seasonal sales with labor needs. 
Unused working capital increased rapidly as the level of plant 
utilization declined. Decreased volume in all departments diminished 
working capital requirements, but reduced opportunities for inter-
departmental capital sharing, and resulted in an accumulation of re-
dundant permanent working capital. 
Petroleum 
Cost of both bulk plant and delivery operations were included in 
the analysis. Costs reflect delivery of liquid fuels to farm customers 
although the petroleum operation was assumed to be associated with a 
semi-independently-operated service station. 
Average delivery costs were a significant proportion of full costs of 
operation for plants operating at high levels of output. The proportion 
ranged, for fully-utilized plants, from 25 percent for an A plant to 38 
percent of average total costs for a C plant similarly utilized. 
Delivery Costs 
Average total costs of bulk petroleum delivery declined with short-
run increases in output due to fuller utilization of fixed delivery in-
vestments. Average delivery costs for a capacity-operated B plant were 
0 .84 cent per gallon, 1.03 cents per gallon for the same plant at 50 
percent of capacity (Figure 6). 
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Figure 5. Short-run average total costs, single- and multiple-product plants, by plant 
size, model feed firms, Nebraska, 1971. 
In the long run, as plant size and size of delivery territory ex-
panded, average delivery costs increased. Thus, average costs of deliv-
ery for an A plant at 100 percent of capacity were 1.04 cents per gallon; 
for a C plant they were 0.92 cent. Average delivery costs for a B plant 
were lower than for either the A or C plants due to improved meshing 
of truck size with fuel volume and resulting better utilization of deliv-
ery equipment. 
Plant Costs 
Liquid bulk delivery plants were subject to important size and 
volume cost effects (Figure 6). Plant costs for the size A 
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Figure 6 . Average delivery, average plant and average total costs, by plant size, 
multiple-product petroleum firms, Nebraska, 1971. 
multiple-product operation declined rapidly as plant utilization in-
creased from 50 percent capacity (6.9 cents per gallon) to 100 percent 
capacity (3.2 cents per gallon). Costs for the multiple-product C plant 
ranged from 2.4 cents per gallon at 50 percent of capacity to 1.4 cents at 
full capacity. 
Larger plants had lower average total costs than smaller ones if 
operated at high levels of output. A multiple-product C plant at 50 
percent of capacity experienced average costs of 3.6 cents per gallon 
while the same volume ( 1 million gallons per year) delivered by a B 
plant at 100 percent of capability cost only 2.9 cents per gallon. H ow-
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ever, average costs for the C plant at 100 percent capacity were lower 
still at 2 .4 cents. 
Total Costs 
Diversified A and B firms had lower cost structures than did their 
specialized counterparts. Specialization resulted in lower costs for the 
A plants (Figure 7). Cost advantage for the diversifed C plant was 0.1 
cent per gallon at 50 percent capacity, less than 0.1 cent at full capacity. 
A multiple-product A plant had average costs 1.0 cent per gallon above 
a comparable specialized plant at 50 percent capacity, the difference 
narrowing to only 0.2 cent at full capacity. 
Transferability of departmental management labor within the firm 
was enhanced as the level of utilization increased, although the need 
for such transfer diminished as plant volume increased. At 50 percent 
capacity, plant A absorbed 99 percent of its unutilized department 
manager time. Absorption decreased to 63 percent for plant Bat 50 
percent capacity and to only 13 percent for plant C at 50 percent 
capacity. 
Plant sizes A and B at 50 and 75 percent capacity avoided un-
utilized seasonal labor since the fixed departmental manager labor was 
sufficient to perform all operations in the petroleum department. The 
larger C and B plants at 100 percent capacity were unable to utilize 
fully additional seasonal labor required, accounting for the accumula-
tion of slack labor. 
The amount of slack working capital tended to be substantially less 
for petroleum than for the other products, although the percentage of 
unutilized capital absorbed by petroleum remained nearly equal to that 
for grain and feed . As the size and level of plant utilization increased, 
so did the potential for internal utilization of slack working capital 
originating with the petroleum department. An exception was plant C 
at 50 percent capacity; here the percentage of working capital ab-
sorbed by petroleum was 7 percent higher than that for plant Band 
only 1 percent lower than for plant A at the same level of plant 
utilization. 
Liquid Fertilizer 
All of the fertilizer plants' output was delivered by firm-owned 
pickup-drawn nurse tanks. Costs of field application were not included 
in the study. Only two fertilizer plant sizes were analyzed. For compari-
son, however, a B fertilizer plant was combined with C plants of the 
other three product lines. To keep managerial remuneration uniform, 
the B fertilizer plant was charged C level management costs when 
merged with C plants. 
Delivery Costs 
Average total costs of liquid fertilizer delivery decreased with ex-
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panded short-run plant volume due to declining average fixed costs. 
Average delivery costs for the B plant at 100 percent capacity were 
$2.73 per ton, $3.69 at 50 percent of capacity (Figure 8). 
Increased plant size, accompanied by expanded delivery ter-
ritories, resulted in increasing delivery costs. Average costs for the 
fully-utilized A plant were $2.34 per ton, for the B plant $2.73 . 
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Figure 8. Average delivery, average plant and average total costs, by plant size, 
multiple-product fertilizer firms, Nebraska, 1971. 
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Plant Costs 
Both size and volume economies were significant in liquid fertilizer 
retailing. A multiple-product A plant operating at 50 percent of capac-
ity had average costs of $ 14.85 per ton; at 100 percent capacity costs 
declined to $7.34 per ton (Figure 8). Fully-utilized B-C plants had 
average costs only slightly higher than did the B plants (22 cents per ton 
difference between the diversified plants at 100 percent capacity). At 
50 percent utilization the B-C plants were more efficient than model B 
by 22 cents per ton. Average costs of the A plant at 100 percent 
capacity, were much higher, however: $7.34 per ton compared with 
$5.04 for the B plant, $5.26 for model B-C. 
Total Costs 
Multiple-product plants had slightly higher costs than did the 
specialized firms except for the B plant at I 00 percent of capacity 
where the diversified firm had a small cost advantage of five cents per 
ton (Figure 9). Costs for the B-C single- and multiple-product plants 
were nearly identical at 100 percent of capacity. Higher management 
costs were overcome by improved labor and capital sharing potential 
created by the larger sister operations. Fertilizer had a seasonal de-
mand pattern which was more skewed than that of the other product 
lines. Only the larger diversified plants operating at higher levels of 
output had an advantage over single-product operations. The 
multiple-product plant drew substantial labor during peak seasons 
from other departments and thereby avoided higher costs associated 
with the "lumpiness" of this resource. 
Multiple-product fertilizer plant A was forced to absorb 99 percent 
of the d epartment manager's slack time at 50 percent of plant capacity; 
absorption d eclined to 55 percent at 100 percent capacity. T he larger B 
plant was forced to absorb less than 1 percent of the fertilizer 
manager's slack time at 100 percent capacity. In the B-C combination, 
the department manager's unused time in the fertilizer department 
was full y utilized in other departments at 75 and 100 percent capacity. 
Plants operated below capacity were forced to absorb varying 
amounts of slack capital depending on plant size and output. Absorp-
tion ranged from 89 percent by the A plant at 50 percent capacity to 23 
percent for the B-C plant operated at 75 percent of capacity. 
IMPLICATIONS 
All single-product plants were burdened with seasonal labor that, 
for lack of alternative employment opportunities, was not fully utilized 
in the business even as capacity levels increased. Multiple-product 
firms substantially reduced surplus labor through interdepartmental 
transfer, although the cost of redundant labor was not entirely elimi-
nated. The extent to which diversified firms minimized unneeded 
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onthe size of plants combined and the manner 
peaksmeshed together. T he higher the volume 
in sales patterns, the greater the labor and 
pportunities became for the diversified firm . 
indicatethat expa nsion throug h diversification 
or horizontal firm enlargement in achieving 
Cost savings from diversification were rela-
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tively small, however, and may not be realized
the ability and flexibility to coordinate a largerr 
operation. 
Plants must generally be larger than size
yield cost advantages. Integration of small p l 
operations is likely to result in increased cost 
reorganization) to effect potential cost savi, 
terms of plant size as well as seasonality of 
plants to be integrated are relatively small . 
mand peaks for the various products may 
volume in any given activity may be insufficient
effective sharing of resources. 
The observed trend toward larger and more
pears to have a cost basis. However, both nationally
large numbers of small retail facilities remai 
optimum size. The trend seems likely to co1 
costs and improved resource allocation. F 
beneficiaries of improved operational efficiency
prices on the basis of resulting cost savin g 
sufficient competitive pressures, consuml 
eficiaries. 
While a reduction in firm numbers m 
convenience to farmers, it is not likely to be o 
of delivery and assembly were accounted f 
communications, increased average farm size
farmer sophistication lessen the importance
and weaken the market power of grain an 
savings reported here are thus likely to translate
farmers and eventually to consumers. 
Existing firms of sub-optimum size will 
ing in the short run since variable costs tend 
outlays. Most smaller firms will probably be
before being replaced by larger, more diverse
mation systems are imperfect and since technology
tures are dynamic variables, it is possible for
configurations to exist simultaneously, some
ciently than others. Results of the present 
owners and managers as a guide in the ti mi 
these replacement decisions. 
While firms having extreme degrees of 
stop shopping center"-were not modeled 
relatively modest savings from diversificati 
this direction unlikely. 
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APPENDIX A-INVESTMENT COSTS 
Table A-1. Investment in central office and office equipment for multiple-product 
model. 
Annual 
depreciation Salvage Annual 
Asset Cost rate valu e depreciation 
(dollars) (percent) (dollars) (dollars) 
Central office building• 13,500 5.0 675 
Office equipment• 11 ,474 12.5 1,147 1,291 
Total• 24,974 1,147 1,966 
• Single-story 24' x 30' building divided into four rooms. 
b Includes office furniture, air conditioning equipment, posting machine, 2 typewriters, 
3 adding machines, 2 calculators, filing cabinets, checkwriter, photocopy machine , sa fe, cash 
register, tables, reception chairs, and time clocks. Assumes 10 percent salvage value. 
Investment in central office building and office equipment is constant for a ll multiple-
product model firms. Costs are allocated equally to each of the four product lines. 
Source: Building costs and specifications were obtained from several general contractors in 
Lincoln, Nebraska and verified by other industry sources. 
Table A-2. Investment in durable assets for model grain elevators. 
Model A-100,000 bu Model B-300,000 bu I Model C-1,000,000 bu 
Single- Multi- Single- Multi- Single- Multi-
Asset prod. prod. prod. prod. prod . prod. 
.. .. .... . dollars 
Elevator buildings• 108,000 108,000 228,700 228,700 492,800 492,800 
Elevator equipment• 55,013 55,013 74,313 74,313 160,213 160,213 
Office building' 5,415 3,375 5,415 3,375 5,415 3,375 
Office equipmentd 2,588 2,869 2,588 2,869 2,588 2,869 
Total 171,016 169,257 311,116 309,257 661,016 659,257 
a All elevator models are concrete structures of latest design. Models A and B do not 
h ave an annex. Model C has a 300,000-bushel main hou se and a 700,000-bushel concrete annex. 
Model A has one 6,500 -bushel-per-hour leg. Model B has one leg of 7,500 bushels per hour, 
and Model Chas t wo legs, each 7,500 bushels per hour capacity. 
b Includes only standard equipment consisting of legs, man lift, truck lift , dust system, 
automatic scale, truck scale (70' x 10'-50 ton capaci ty) , distributor, over and under conveyors 
where applicable and electric motors. 
The office of a single-product firm is a single-story 14' x 26' concrete block building 
divided into two rooms. Office building cost includes heating and cooling facilities. 
Equipment for the singIe-product firm includes office furniture, electric typewriter, adding 
machine, calculator, safe, filing cabinets, table, reception chairs and miscellaneous office items. 
Source: Adapted to Nebraska conditions from (8). 
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Table A-3. Investment in durable assets for model custom-mix feed mills. 
Model A-13 ,780 tons I Model B- 23,140 tons Model C- 34,580 tons 
Single- I Multi- Single- Multi- Single- Multi-
Asset prod. prod. prod. prod. prod. prod. 
dollars 
Buildings• 44,420 44,420 48,800 48,800 53,180 53,180 
Mill equipmentb 46,242 46,242 57,369 57,369 67,099 67,099 
Trucks• 8,976 8,976 I 7,952 I 7,952 26,928 26,928 
Office buildinga 1,620 3,375 1,620 3,375 1,620 3,375 
Office equipmenta 2,695 2,869 2,695 2,869 2,695 2,869 
Total 103,953 105,882 128,436 130,365 151,522 153,451 
• Mill buildings for Models A and B are 25' x 34' x 48' ; warehouse is 40' x 60' x 16'. 
Model C is 31' x 52' x 48 ' with a 40' x 80' x 16' warehouse. Single-product plants have a 9' x 12' 
office area. 
b Model A has one 90' 3,000-bushel steel leg. Models B and C have two 90' 3,000-bushel 
steel legs. Hammermills (one per mill vary from 50, 75 to JOO H .P. respectively. Hopper 
scales vary from one 6,500 lbs. for Models A and B to I 0,000 lbs . for Model C. Model A has 
one two-ton mixer; there is one three-ton mixer for Model B, and two three- ton mixers for 
Model C. Models A and B have one molasses system, while Model C has two. Distributors and 
piping vary by plant size. Other major equipment items that do not vary by mill size 
include the rollermill (25 H.P.), truck hoi st and truck unloading conveyor. 
Model A has one 7-ton truck, Model B two 7-ton trucks and Model C three 7-ton trucks. 
d Similar to elevator office and equipment. Multi-product models are charged a ¼ allocation 
for the central office building (Table A.I). 
Source: Adapted from (15). 
Table A-4. Investment in durable assets for model bulk petroleum plants. 
Asset 
Model A-500,000 gal I Model B-1,000,000 gal I Model C-2,000,000 gal 
Single - I Multi- Single- I Multi- Single- I Mu lti -
prod. prod. prod. prod. prod . prod. 
dollars 
Storage tanks• 2,958 2,958 4,216 4,216 7,930 7,930 
Trucks• 10,134 10,1 34 10,273 10,273 24,538 24,538 
Bulk plant' 4,787 4,787 4,787 4,787 4,787 4,787 
Office buildinga 2,700 3,375 2,700 3,375 2,700 3,375 
Office equipmenta 2,695 2,869 2,695 2,869 2,695 2,869 
Total 23,274 24,123 24,671 25,520 42,650 43,499 
a Includes separate storage tanks, some of which vary by size of plant, for regular and 
ethyl gasoline, distilla te, tractor fuel , diesel and kerosene. Total storage capacity is 20,680 
gallons for Model A, 35,510 gallons for Model B, and 69,340 gallons for Model C. 
b Includes trucks, truck tanks, pumps, meters, hoses, nozzles, and fittings. Truck specifica-
tions vary depending upon truck tank size . Tank sizes increase from one J ,200 -gallon truck 
tank for Model A, one 1,500-gallon truck tank for Model B, to two 2,000-gallon truck tanks 
for Model C. 
Includes bulk plant pumps, starters, dock, pipes, and minimal storage at the bulk plant 
site for oil and miscellaneous items. 
d Similar to elevator office and equipment. 
Source: Adapted to Nebraska conditions from (2 and IO). 
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Table A-5. Investment
Asse t 
Land• 
Buildings anc'i ' 'scale" 
Storage tanks' 
Er1uipmentct 
Nmse tanks' 
Trucks' 
Office iiu ilding• 
Office cquip111ci1t" 
Total 
a One acre
Building costs were
Includes four 9,525- • 
Includes 5-ton batch
pipes and hoses . 
Includes 25 500-gal l 
with trailer for Model A
Model B
Includ es two lon 
$1,800 for Model B
Similar to elevator office
durableassets for model liquid fertilizer plants. 
Model A-2,776 tons Model B-5,550 tons 
;le-prod. Multi-prod. Single-prod . Multi-prod. 
... dollars ... 
1,500 1,500 1,500 1,500 
6,500 6,500 9,375 9,375 
6,496 6,496 12,992 12,992 
7,800 7,800 15,600 15,600 
4,010 14,010 28,020 28,020 
3,600 3,600 7,200 7,200 
2,700 3,375 2,700 3,375 
2,500 2,869 2,500 2,869 
J,106 46,150 79,887 80,931 
S5/sq. ft. and include the price of a 20-ton scale. 
s for Model A and eight 9,525-gallon tanks for Model B. 
d -blending unit, liquid pumps, fabrication materials, extra 
tankswith trailer @ $318 and 15 1,000-ga!lon nurse tanks 
JO-ga llon and 30 1,000-gallon nurse tanks with trailer for 
$1,800 for Model Plant A and four ton pickups @ 
h Similar to elevator al equipment
Source: Adapted from (l 
APPENDIX B ANNUAL FIXED EXPENSES 
Table B-1. Annual wageand salary levels for single- and multiple-product model 
firms
M ,ol.J!. A I Model B Model c 
~ - Multi- Single- I Multi- Single- I Multi-
_E_m_p~I-o_y_ce ______ ~~ _P_r_o_d_u_ct-'--p_r_o_d_u_c_t ....:.._P_ro_d_u_c_t-'--P_r_od_ uc_t_...:..,._p_r_o_d_u_c_t _ 
... .... .. .. ...... ........ .. dollars .. 
Gcnc1 al 1m:111agc1 lS,000 9,000 20,000 
Jlcpartin~r1( mauag<',' .. ,;; ·.:,; 7,500 
10,000 24,000 
8,500 
.5,000 
(soo 
Seas(lllal lailm" .. , ' ,, ... X. 5,o·oo ,: 5,000 5,000 
Senctarial (!st)'· .. 
Additional sec 1c·1arics 
a Annual payments include
pensation for departmental
b Annual salary equivalent
c Number in parenthesis
models. 1 Thenumber of
I and I½; I 
A, B, and C, respectively
_;:., t '~ ' .f!,800 , . 4~800 . , ,1,SQfu, 
4,000(1) ., ,_ ·' 4'.000(2) 
security . and other . fringe benefits except workmwn com-
(includcd elsew h ere as an insurance cost). 
pa id at rate of $4 17 per month or $2 .41 per hour. 
he number of secretaries required for multiple-produ ct 
the variou s sizes of single-product firms var ies; grain-¼, 
m -V2, I, and I; and fertilizer-¼, ¼, and !/4 for Models 
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Table B-2. Model plant annual sales at full capacity
capital assumptions by department. 
Model A Model 
Department Working Potential Working 
I or firma capital sales capital 
.. .. .. .... ...... .......... .... .... ...... ........... . dolla 
Grainh 12,642 258,000 37,926 
Feedc 94,113 1,248,192 156,975 2 
Petroleum• 7,064 147,500 12,132 
Ferti lizerc 1,041 148,877 2,083 
-----
Total 114,860 1,802,569 209,116 3 
a Requirements are the same for both single- and rn 
on sales during the low-volume months. 
b Based on 4.90 percent of annual capacity times weig1 
c Based on 7.50 percent of annual capaci ty times wei gl 
d Based on· the sum of ½ of the storage capacity times
cents per ga llon) plus ½ of average monthly volum e (ba, 
the weigh ted retail price), divided by the average monthly v, 
requirement per ga llon is multiplied times 4.80 percent of 
e Based on .007 percent of annual capaci ty times wei g 
Table B-3. Total combined annual management a 
tiple-product model plants, by size an· 
Item, 
Size A 
Management 
Dept. Mgr. creditb 
Clerical · 
Seasonal labor 
Slack seas. laborc 
Total 
Size B 
Management 
Dept. Mgr. credith 
Clerical 
Seasonal labor 
Slack seas . labor" 
Total 
Size C 
Management 
Dept. Mgr. credith 
Clerical 
Season al Ia bor 
Slack seas. laborc 
Total 
l
---~-~_i1_fz_e;_i _~n_1 ___ 1 ~~ 
Single• Multi Single• 
.. .... .... ... ......... ................... .. do' 
34,000 
7,200 
1,434 
3,987 
46,621 
36,000 
15,600 
4,787 
2,302 
58,689 
40,000 
17,600 
11 ,148 
7,086 
75,834 
48,000 
(230) 
4,800 
229 
52,799 
52,000 
(2 ,919) 
8,800 
3,233 
105 
61,219 
58,000 
(4,388) 
12,800 
7,745 
1,275 
75,432 
34,000 
7,200 
4,062 
2,19: 
47,45. 
36,00l 
15,GOG 
9,67r 
5,75 
67,029 
40,00( 
17,60(' 
21 ,137 
8,88 , 
87,62 
a Aggregate costs for four single -product firm plants : grain
Credit received at the seasona l labor rate for d epartr 
mentally. 
c Unutilized seasonal employees-labor not fully employed
by another department. 
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minimum 11·orking 
~!odcl C 
\ \'mking 
cap it al 
126,120 
233,696 
26,739 
2,083 
388,!)38 
Polcntial 
sa les 
2,580,000 
3, 132,256 
590,000 
297,C.!G 
- - ---
6,599,902 
. t firms and arc based 
p rice of $ 1.29 per bu . 
r ice of SD0 .58 per ton. 
weightedretail pri ce (0.295 
ratedannual capaci ty times 
resulting work ing capital
volume
,rice of per ton. 
costs single- and mul-
plant utilization. 
1
1 JOO percen t 
utilization 
- Single• I Multi 
31,000 18,000 
(1,782) 
7,200 cl,800 
6,060 5, 120 
3,882 200 
52,012 53,638 
36,000 52,000 
(1,899) 
15,600 8,800 
16,828 11,207 
7,775 1,964 
76,203 72,0 72 
10,000 58,000 
(2,302) 
l 7,G00 12,800 
32 ,-11-1 28,763 
9,256 1,888 
99,300 99,119 
trolcum , and fertilizer
t ime used interdepart-
departmentnor utilized
Table B-4. Asset life and salvage assumptions for depreciation, interest and prop-
erty tax computations. 
Salvage 
value Life 
Elevator 
(%) (years) 
Buildings zero 40 
Equipment zero 20 
Office building zero 20 
Office equipment 10 8 
Feed 
Buildings zero 20 
Equipment zero 20 
Office building zero 20 
Office equipment IO 8 
Trucks 20 6 
Petroleum 
Buildings zero 16 
Equipment 10 16 
Office building zero 20 
Office equipment 10 8 
Truck 20 6 
Fertilizer 
Buildings zero 20 
Equipment 10 IO 
Office building zero 20 
Office equipment IO 8 
Trucks 20 6 
Nurse tanks 10 10 
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Table B-5. Annual fixed expenses for model grain elevators. 
Model A- Model B- Model C-
100,000 bu 300,000 bu 1,000,000 bu 
Single- I Multi- Single- I Multi- Single- I Multi-Expense item prod. prod . prod . prod. prod. prod. 
...... .. ......... ... dollars 
Annual fixed expenses 
Depreciation 
Elevator buildings 2,700 2,700 5,718 5,718 12,320 12,320 
Elevator equipment 2,751 2,751 3,716 3,716 8,0ll 8,0ll 
Office building 271 169 169 169 271 169 
Office equipment• 291 323 291 323 291 323 
Total depreciation 6,013 5,943 9,894 9,926 20,893 20,823 
Insurance 
Elevator & equipment• 135 135 261 261 576 576 
Office & equipment" 80 73 80 73 80 73 
Inventoried grain' 87 87 262 262 871 871 
Workmen's compensationd 74 74 74 74 74 74 
Total insurance 376 369 677 670 1,601 1,594 
Personal property tax• 1,952 1,932 3,527 3,527 7,535 7,515 
Railroad lease 40 40 75 75 205 205 
Warehouse license 40 40 60 60 105 105 
Scale repair 90 90 90 90 90 90 
Repair and maintenance' 120 94 120 94 120 94 
Bin spray• IO 10 30 30 100 100 
Bond" 75 75 131 131 306 306 
Audit 450 228 500 464 925 488 
Telephone & telegraph 241 241 541 541 601 601 
Office supplies & postage 390 390 751 751 949 949 
Light, heat & water 225 225 225 225 225 225 
Travel 173 173 301 301 347 347 
Plant supplies 202 202 350 350 395 395 
Interest on investment' 7,279 7,206 13,233 13,156 28,104 28,031 
Total 17,676 I 7,258 30,505 30,391 62,501 61,868 
(exclusive of management, 
clerical & long-term 
capital) 
a Building and equipment insurance coverage was based on 90 percent of original cost. 
Rates for the concrete elevator, annex and equipment were 10 cents per $100 coverage. Coverage 
includes fire, extended coverage insurance on the buildings and equ ipment and liability. 
b The truck scale, office building and office equipment were insured at a cost of 40 cents 
per SIOO of coverage. 
c Inventoried grain insurance coverage was based on the assumption 65 percent of the total 
rated storage capacity represents the average month ly in ventoned grain to be insured (55 percent 
in long-term storage and an average of 10 percent of the working space filled with cash grain). 
Grain inventory is normally covered for l 00 percent of market value against fire, explosion, 
hail and vandalism. A typical rate for concrete structu res in Nebraska was 10.9 cents per $100 
value per year (.069 cents per $100 coverage per year for fire, 4 cents per $100 per year 
for extended coverage, 3 cents per $100 per year for explos10n and hail, and 1 cent per $100 
per year for vandali sm) . Quotations obtained from a Lincoln, Nebraska insurance company, 1971. 
d Based on one full-time employee. 
• A 65. 1 I mill levy (Nebraska state average) was assessed against 35 percent of the average 
undepreciated value of the capi tal assets. 
' Calculated at the rate of 1.5 percent of original value of office building and equ ipment. 
• Calculated on the basis of $10 per !00,000 bushels of total rated storage capacity. 
h Amount of warehouseman's bond for each model was computed on the basis of 20 cents 
per bushel of total rated storage capacity as prescribed by the Nebraska State Railway Com-
mission for conventional elevators up to $250,000 per license. Cost of the bond was calculated 
on the ba sis of 55 per $ 1.000 d bond u p to $ 10,000, $2.50 per $1,000 for the next $15,000, 
and $1.25 per $1,000 for all over $25,000. 
1 Based on interest rate of 8.5 percent. 
Source: Adapted to Nebraska conditions from industry sources and from (8) . 
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Table B-6. Annual fixed expenses for model custom-mix feed mills
Model A- Model B- Model C-
13,780 tons 23 ;140 tons 34,580 tons 
Single- J Multi- Single-
I 
Multi- Single-
I 
Multi-
Expense item prod . prod. prod. prod. prod. prod. 
...... .. .. .. .................... .... .. dollars 
Annual fixed expenses 
Depreciation 
Mill buildings 2,221 2,221 2,440 2,440 2,659 2,659 
Mill equipment 4,624 4,624 5,737 5,737 6,710 6,710 
Trucks 1,197 1,197 2,394 2,394 3,591 3,59 1 
Office building 81 169 81 169 81 169 
Office equipment 303 323 303 323 303 323 
Total depreciation 8,426 8,534 10,955 ll,063 13,344 13,452 
Insuranceb 
Mill buildings 391 391 459 459 520 520 
Office building & equipment 17 25 17 25 17 25 
Trucks 356 356 413 413 555 555 
Workmen 's compensation 74 74 74 74 74 74 
Total insurance 838 846 963 971 1,166 1,174 
Property taxes ' 1,208 1,230 1,507 1,530 1,791 1,813 
Site rent• 131 131 131 131 131 131 
Maintenance• 7,318 7,346 8,558 8,587 9,876 9,897 
Truck registration 
& license 2ll 2ll 422 422 633 633 
T elephone & telegraph 241 241 541 541 601 601 
Office supplies & postage 390 390 751 751 949 949 
Light, heat & water 225 225 225 225 225 225 
Travel 173 173 301 301 347 347 
Audit 750 228 800 464 1,000 65 1 
Interest on inves tment' 4,506 4,588 5,623 5,706 6,679 6,762 
Total [8,977 18,704 24,407 24,322 29,525 29,418 
(exclusive of management , 
clerical & long-term 
capital) 
• One 8-hour shift per day and 260' days annual operation for each mill size. 
b Insuran ce costs were 54 cents per $100 of ad justed (80 percent of the original cost) invest-
ment. Coverage included general liability, fire, wind, and vandalism. Coverage for the office 
building and eq uipment cost 40 cents per $ 100 of full investment. Trucks carried collision, 
comprehensive, product liability, and personal liability insurance. 
c A 65.1 1 mill levy was assessed against 35 percent of the average undepreciated value of 
the capital assets. · 
d Based upon " typical" leases for towns h aving a population of 1 to 2.5 thousand. 
Maintenance of office and equipment was calcu ]ated at 1.5 percent of total original 
investment in these facilities; maintenance costs for mill buildings and equ ipment were equal 
to 2 percent of original mi1l and eq uipment cost. 
f Based on interest rate of 8.5 percent. . 
Source: Adapted from (15) and industry sources. 
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Table B-7. Annual fixed expenses for model petroleum plants. 
Model A- Model B- Model C-
500,000 gal 1,000,000 gal 2,000 ,000 gal 
Single- I Mu lti - Single- I 
Multi - Single-
I 
Multi-
Expense item prod. prod. prod . prod. prod. prod. 
.. ...... ... ........... . dollars . 
Annual fixed expenses 
Depreciation 
Bulk plant & storage tanks 445 445 516 516 725 725 
Office building 135 169 135 169 135 169 
Office equipment 194 323 194 323 194 323 
Trucks & tanks 1,35 1 1,35 1 1,370 1,370 3,272 3,272 
Total depreciation 2,125 2,288 2,215 2,378 4,326 4,489 
Insurance" 423 426 485 488 88 1 884 
Property taxh 300 310 318 328 559 569 
T ruck registration fee 160 160 185 185 520 520 
Site rentc 131 131 131 131 131 131 
Workmen 's compensation" 74 74 74 74 74 74 
Telephone & telegraph 241 241 541 541 601 601 
Office supplies & postage 390 390 751 75 1 949 949 
Light, heat & wa ter 225 225 225 225 225 225 
Travel 173 173 301 301 347 347 
Audit 600 228 750 464 800 488 
Repairs & maintenance" 197 210 216 229 272 284 
Bond ' 30 30 55 55 85 85 
Interest• 1,120 1,135 l,1 86 1,201 2,087 2,102 
Total 6,189 6,021 7,433 7,35 1 I 1,857 11 ,748 
(exclusive of management, 
clerical and long-term 
capital) 
a In cludes employee fidelit y bond, general liability and extended coverage on bu lk pl a n t 
and refi n ed fuel, truckuck li abi lity (bodily injury an d property damage), plµ s collision and com-
prehen sive coverage . 
b A 65. JI mi ll Ie,·y was assessed against 35 percent of the average undepreciated valu e 
of the capi tal assets. 
c Track site lease typical for towns having a population of 1 to 2.5 thousand. 
d Based on one full-time dri ver covered at a minimum cost of $73 .80 . 
e Calcu lated at 1.5 percent of tota l investment , excluding tru cks, which were con sidered 
separa tely under variable tru ck expe nse. 
:r A bond equa l to l ½ tim es t he monthly tax li abi li ty (1971 Neb raska gasol ine taxes were 
7.5 cents per gallon) was required. Since dea lers are requi red to rem it thi s tax on gaso line, 
68 percen t of th e average mont hl y volume based on ra led an n ua l capacity, was used to a pproxi -
m ate the amount of bond required. Bond rates were based o n $ 10 per S I ,000 for the first 
$:l,000, $7.50 per $ 1,000 for th e next $2,000 and $5 .00 per $ 1,000 for all over $5,000. 
g Based on interest rate o( 8 .5 percent. 
Source: Basic rela t ionships adapted from (2 and JO). 
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Table B-8. Annual fixed expenses for model liquid fertilizer plants. 
Expense item 
I Model A-2,776 tons I Model B-5 ,55 0 tons 
Single-prod. j Multi-prod. Single-prod. [ Multi-prod. 
....... ..... ... ..... ... ............... dollars .. 
Annual fixed expenses 
Depreciation 
Buildings 325 325 325 325 
Storage tanks, equipment 
and nurse tanks 2,548 1,548 5,095 5,095 
Trucks 480 480 960 960 
Office building 135 169 135 169 
Office equ ipment 281 323 281 323 
Total depreciation 3,769 3,845 6,796 6,872 
Insurance 
Nurse tanks' 120 120 240 240 
Ferti lizer plan th 291 291 395 395 
Office building & equipmentb 21 25 21 25 
Trucks 420 420 840 840 
Total insurance 852 856 1,496 1,500 
Property tax' 574 587 l,Oll 1,023 
Maintenance & repairs" 1,753 1,769 3,172 3,188 
Railroad lease 248 248 419 419 
Truck registration 220 220 440 440 
Telephone & tclegra ph 241 241 541 541 
Office supplies & postage 390 390 751 75 1 
Light, heat & water 225 225 225 225 
Travel 173 173 301 301 
Audit 600 228 750 464 
Interest• 2,142 2,188 3,771 3,817 
Total ll,187 10,970 19,673 19,410 
(exclusive of managemen t, 
clerical and long-term 
capital) 
a Insured at a rate of $3 per tank. 
b Fidelity bond calcula ted at the rate of $70 per Sl ,000, product liability at $60 per year, 
general liability at $0 .66 per $ 1,000 value, fire and wi nd at S i. 78 per S I ,000 va lue and work-
m en 's compensa tion on one employee at $73.80. Office and office equipment insu red at the rate 
of $0.40 per $ 100 of full in vestment cost. 
c A 65.l I mill levy was assessed aga inst 35 percent of the average und epreciated value of 
capita l assets. 
d Calculated at 4 percent of original nurse tank cos t and 5 percent of p la nt and equipment 
costs. Office and office equipm ent maintenance costs were 1.5 percent of investment Mainte-
nance of deli very tru cks was consi dered scpa ra lcly und er variable delivery costs. 
Based on interest rate of 8.5 percent. 
Source: Adapted from (1 3) . 
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APPENDIX C-V ARIABLE COSTS 
T able C-I. Variable assembly and delivery coefficients by size and level of plant utilization. 
Model Plant A Model Plant B Model Plant C 
% plant utilization % plan t. utilization % plant utilization 
Variable assembly/delivery 50 I 75 I 100 50 I 75 I 100 50 I 75 I 100 
... Feed 
'-"' 
Labor (hrs/ton) .II 71 .1204 .1239 .1214 .1257 .1290 .1255 .1307 .1349 
Truck operation ($/ton) .0585 .0668 .0762 .0694 .0805 .0892 .0800 .0932 .1043 
Petrolrum 
Labor (hrs/1,000 gal) I.6155 1.6745 1.7240 1.6.~38 1.7205 1.7770 1.6753 I.7461 1.8050 
Truck operation ($/1,000 gal) 1.0246 J.1900 1.3316 J.1858 1.3816 1.5476 1.3487 1.5723 1.7599 
Fertilizer 
Labor (hrs/ton) .212 .245 .272 .272 .320 .359 .272 .320 .359 
Truck operation ($/ton) .265 .324 .375 .375 .459 .529 .375 .459 .529 
Grain 
Transportation• ($/ 1,000 bu) 7.07 8.22 9.1 9 JO.S I 12.80 14.49 18.12 21.75 24.82 
• Includes labor and fixed as well as variable truck costs. 
Table C-2. Variable cost coefficients for model grain elevators. 
Model A- Model B- Model C-
100,000 bu 300,000 bu 1,000,000 bu 
Single- & Single- & Single- & 
Item Multi -prod. Multi-prod. Multi-prod. 
... dollars .. 
Shrinkage' 3.920 3.9883 3.9205 
Quality deterioration• .845 .8450 .8455 
Insect & product control: 
Fumigation' l.510 l.5133 l.5125 
Misc. grain treatment• .135 .1350 .1350 
Electrici ty8 2.720 1.5817 l .3395 
Property taxes on 
working capital' .155 .1583 .1580 
Scale repair• .JOO .1000 .1000 
Repairs & maintenance• 12.225 7.5750 4.8975 
Total variable cost 
(per l ,000 bu)' 21.6100 15.8966 12.9085 
• Calculated at .0025 percent per bushel on all grain merchandised and .0025 percent of 
grain in storage (55 percent of rated capacity for all models) . Composite grain price was 
$1.23 per bushel. 
• Calculated on the basis of .0025 cent per bushel of stored grain. 
'Calculated on the basis of $5.50 per 1,000 bushels of grain in storage. 
d Five percent of the grain merchandised was charged at the rate of $2.70 per 1,000 bushels. 
e Forty bushels of grain can be elevated per KWH . Merchandised grain was turned twice 
and 55 percent of each model elevator's rated capacity was turned three times per year. 
'Assessed at a rate of 35 percent of minimum working capital times 2.5 mills. 
• Calculated on the basis of $IO per 100,000 bushels of grain merchandised. 
h Based on interviews with industry representatives. 
1 Excluding labor and variable interest, costs of which depend on net "pool" transfers. 
Source: Adapted to Nebraska conditions from (8). • 
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Table C-3. Variable coefficients for model custom-mix feed mills. 
Model A- Model B- Model C-
13,780 tons 23,140 tons 34,580 tons 
Item 
Single- & 
Multi-prod. 
Single- & 
Multi-prod. 
Single- & 
Multi-prod. 
. .. dollars .. 
Plant and delivery labor (hrs/ton)" .27468 . 26364 .25500 
Miles driven (per ton)h .97720 1.14340 1.33700 
Variable truck costs (cents/mile)< .o7800 .07800 .07800 
Variable cost item (dollars/ton) 
Repairs• .20138 .14875 .11642 
Inventory shrinkage• .07315 .07260 .07287 
Insurance on feed ingredients 
& finished feeds' .01996 .01996 .01998 
Fumigants & pest control• .04877 .04840 .04858 
Electrici tyh .37845 .26556 .20217 
Property tax on working capital' .00602 .00605 .00604 
Subtotal .72773 .56132 .46606 
Delivery costl .07620 .08920 .10430 
Total variable cost (per ton) .80393 .65052 .57036 
a Plant labor based on time and motion studies. 
b Calculated by using the delivery labor formula, pp. 12-15, supra. 
c Includes gasoline, oil, grease, tires and tubes, vehicle repair and general maintenance. 
d Based o n interviews with industry representatives. 
e Six cents per ton for shrinkage, waste and spoilage. 
r Eight cents per ton. 
g Four cents per ton. 
h Number of KWH determined on the basis of time and motion studies and motor u sage 
rates. 
1 Assessed at 2.5 mills on 35 percent of minimum working capital. 
J Variable truck costs times miles driven per ton. 
k Excluding labor and variable interest, costs of which depend on net "pool'' transfers. 
Source: Adapted from (15). 
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Table C-4. Variable coefficients for model bulk petroleum plants. 
Model A- M'odel B- Model C-
500,000 gal 1,000,000 gal 2,000,000 gal 
Single- &: Single- &: Single- &: 
Item Multi-prod. Multi-prod. Multi-prod. 
......... . dollars ... 
Delivery labor (hrs/1,000 gal)• 1.72400 1.77700 1.80500 
Miles driven (per 1,000 gal)• 14.17500 15.81400 16.75500 
Variable truck costs (cents/mile)" 9.39400 9.78600 10.50400 
Variable cost item (dollars/1,000 gal) 
Inventory loss• 2.50800 2.50800 2.50800 
Electricity• 
.02400 .01800 .01700 
Product liability insurance" .09600 .09600 .09600 
Property tax on working capital' .22600 .14700 .19600 
Subtotal 2.85400 2.76900 2.81700 
Delivery cost• 1.33160 1.54756 1.75994 
Total variable cost 
(per 1,000 gal)" 4.18560 4.31656 4.57694 
a Based on time and motion studies. 
b Includes gasoline, oil, grease, tires and tubes, vehicle repai r and general maintenance. 
• Estimated at I percent of annual volume times weighted wholesale price. 
d Assumes two pumps, each delivering 97 gallons per minute (composite for the several 
types of fuel) with motors drawing 3 KW per hour. Charge based on monthly average annual 
volume. 
• Calculated at 96 cents per 10,000 gallons of annual volume. 
'Tax = (.35 x ½ of total tank capacity x weighted wholesale fuel price x 65.11 mills) 
+ (½ of total tank capacity x weighted retail price x 2.5 mills). 
• Variable truck costs per mi le times miles driven per 1,000 gallons. 
h Excluding labor and variable interest, costs of which depend on net "pool" transfers. 
Source: Adapted to Nebraska conditions from (2, 10). 
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Table C-5. Variable coefficients for model liquid fertilizer plants. 
Item 
Model A-2,776 tons I Model B-5,550 tons 
Single- & Multi-prod. Single- & Multi-prod. 
Plant & delivery labor (hrs/ton)• 
Miles driven (per ton)• 
Variable truck costs (cents/mile)" 
Variable cost item (dollars/ton) 
Inventory loss• 
Electricity• 
Fertilizer tax• 
Property tax on working capital' 
Blend analysis• 
Subtotal 
Delivery cost• 
Total variable cost (per ton)' 
................................ dollars 
.38000 
14.09774 
.02660 
.42775 
.03495 
.10018 
.04685 
.06594 
----
.67558 
.37500 
1.05058 
.41300 
19.88722 
.02660 
.42775 
.02865 
.10000 
.04685 
.06594 
----
.66919 
.52900 
----
1.19819 
• Includes delivery to and from the farm , attachment and detachment of tank from truck. 
b Includes gasoline, oil, grease, tires and tubes, vehicle repair, and general maintenance. 
• One percent of raw material cost @ $42.78 per ton. 
• 4 .1 5 KWH per pumping unit per hour. 
• Calculated at $0. 10 per ton (state regulation) . 
' Equal to 35 percent of minimum working capital times 2.5 mills. 
• Calculated at the rate of $0.066/ ton. 
h Variable truck costs per mile times total miles driven per ton. Assumes trucks are 
pulling a 5-ton load. 
1 Excluding labor and variable interest, costs of which depend on net "pool'' transfers. 
Source: Adapted from (13), 
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APPENDIX D-MARKET PROPORTIONS, 
PRODUCT PRICES AND GROSS MARGINS 
Table D-1. Market proportions, prices, weighted gross margins and long term 
storage revenue for model grain plants. 
I Proportion of Prices I 
Basic 
total grain paid to selling Gross 
Grain marketed a producerb pricec margind 
(percent) . dollars/bushel. 
Corn 47 1.15 1.205 .055 
Grain sorghum 25 .98 1.060 .080 
Wheat 23 1.38 1.440 .060 
Soybeans 5 2.57 2.635 .065 
Total JOO 
Long-term storage' 
Total gross margin 
• Based on 5-year weighted average (1964--68) of major Nebraska grains marketed. 
b Based on 4-year average (1965-68) Nebraska agricultural prices. 
c P rodu cer prices plus mean gross margin. 
Weighted 
gross 
margine 
.02585 
.02000 
.01380 
.00325 
.06290 
.03614 
.09904 
d Mean gross margins calculated from audit reports from a sample of Nebraska farm supply 
firms. 
• Weighted by proportion marketed. 
'Equivalent to 13 cents per bushel per year based on daily charge of .00036 cent 
per bushel. Since 55 percent of each plant's rated storage capacity was held in storage for 
the entire year, long-term storage was adjusted to permit machine calculation of storage revenue 
on the basis of the annual turnover ratio (two turnovers annually or 27 .5 percent of the annual 
volume marketed). 
Table D-2. Market proportions, prices, and weighted gross margins for model 
custom-mix feed plants. 
I Proportion of I Weighted 
total feed Retail Gross gross 
Type of bulk feed Servicea marketedb pricec margin margind 
(percent) ... dollars. 
Beef concentrates Delivered 34 93 12 4.08 
30% and over F.O.B. plant 11 91 10 I.IO 
Mixed hog feed Delivered 29 89 12 3.48 
14% and over F.O.B. plant 9 87 10 .90 
Broiler grower Delivered 9 93 12 I.OB 
Dairy feed F.O.B. plant 3 91 IO .30 
16% and over Delivered 3 85 12 .36 
F.O.B. plant 2 83 IO .20 
Total JOO 11.50 
a Assumes 75 percent of each feed formulation is delivered and 25 percent is sold F.O.B. 
plant. 
b Based on retail feed sales by Nebraska feed mills for the fiscal year ended June 30, 1967. 
c Based on 1971 prices. 
d Arrived at by assuming a $ 10 gross margin markup per ton of bulk feed F.O.B. plant 
and an average bulk d elivery charge of $2 per ton. 
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Table D-3. Market proportions, prices and 
bulk petroleum plants. 
total fuel 
Proportion of I 
Wholesale 
Fuel marketed a 
(percent) 
R egular gasoline" 63.9 
Distillate (No. 2) 18.3 
Diesel (No. I) 7.4 
Ethyl gasoline" 4.4 
Tractor fuel 3.7 
Kerosene 1.3 
Oil (av of grades 
in dollars/ gal)' 1.0 
Total 100.0 
• Adapted from (2). 
b Secured from Nebraska industry sources. 
c Retail price minus wholesale price. 
priceh 
27.75 
13.50 
12.86 
30.25 
13.78 
13.36 
1.91 
weighted gross margins 
Retail Gross 
priceb marginc 
. cents / gallon .. 
31.90 4.15 
17.60 4.10 
17.60 4.74 
34.90 4.65 
16.90 3.12 
19.40 6.04 
2.25 34.00 
• Proportion of total petroleum marketed times gross margin. 
for model 
Weighted 
gross 
margind 
2.65185 
.75030 
.35076 
.20460 
.11544 
.07852 
.34000 
4.49147 
e Includes Nebraska state and federal tax of 12.5 cents per gallon. No state or federal tax 
is assessed against a supplier of lesser grade fuels. 
'Average prices for detergent and non-detergent grades. 
T able D-4. Market proportions, prices, and weighted gross margins for model 
liquid fertilizer plants. 
Proportion 
of total 
M;,.terial fertilizer 
analysis marketed• 
(percent) 
32-0-0 52.59 
28-0-0 32.22 
10-34-0 15.19 
Total 100.00 
Wholesale 
priceb 
R etail 
priceb 
Gross 
margin 
..... .. ............. ... .. .. ....... .... . dollars / ton .. 
40.00 51.20 I 1.20 
35 .00 44.00 9.00 
69.00 82.50 13.50 
• Based on Nebraska State Department of Agricultural reports. 
b Informed estimates from Tennessee Valley Authority, Lincoln, Nebraska, 1970. 
c Proportion of total fertilizer marketed times gross margin. 
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Weighted 
gross 
marginc 
5.89 
2.90 
2.05 
10.84 
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